Pear in vitro culture has already been reported (Chevreau et al., 1989; Duron, 1983; Marine, 1984; Shen and Mullins, 1984) and is a routine technique in several countries; however, propagation methods for 'Abate Fetel' are scarce (De Paoli, 1989) and we found no published reports for 'Precoce Morettini' and 'Guyot'. We have attempted to culture these cultivars (Estrada et al., 1987).
Pear in vitro culture has already been reported (Chevreau et al., 1989; Duron, 1983; Marine, 1984; Shen and Mullins, 1984) and is a routine technique in several countries; however, propagation methods for 'Abate Fetel' are scarce (De Paoli, 1989 ) and we found no published reports for 'Precoce Morettini' and 'Guyot'. We have attempted to culture these cultivars (Estrada et al., 1987) .
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To improve proliferation rates and shoot quality, we have studied the effects of several media using a double-phase liquid-agar solidified culture system (Viseur, 1987) . The results are compared to those obtained using a solid medium, i.e., a single-phase culture system. Furthermore, the possible proliferation and plantlet regeneration inhibition caused by the application of GA 3 , IBA, or their combination is discussed.
Branches (50 cm long) of mature fieldgrown trees were presterilized for 2 min in a solution of 8% (w/v) ferrous sulphate and 0.4% (w/v) captan, and their axillary buds were forced to grow by immersing the basal Table 1 . Effect of single-and double-phase culture system on pear (cultivars Abate Fetel, Guyot, and Precoce Morettini) proliferation.
z Results were taken after 40 days of culture in the presence of the plant growth regulators indicated in the medium code detailed in the text.
ends of the branches in distilled water under controlled conditions (22 ± 3C, 16-hr photoperiod, 30 µmol·s -1 ·m -2 cool-white fluorescent illumination). After 15 days, the initial explants (nodal shoot segments 3 to 4 cm 'long) bearing four axillary buds, were excised from the shoots that originated from the stimulated axillary buds. The explants after horizontally positioning the primary exwere presterilized by immersion in 95% (v/ plants. v) ethanol for 5 min and surface-sterilized with 2.5% (w/v) sodium hypochlorite for 20 rein; afterwards, they were rinsed several times with sterile deionized water (Pérez et al., 1983) .
For tissue culture, two MS (Murashige and Skoog, 1962) media were used: MS1 (MS salts pluS 100 mg thiamine/liter) and MS2 (MS salts with half strength nitrates but double strength calcium chloride and magnesium sulphate plus (mg·liter -1 ) 100 m-inositol, 1 nicotinic acid, 1 pyridoxine·HCl, and 2 ascorbic acid.
During the proliferation phase, MS1 and MS2 media were used with the following combinations of plant growth regulators (µM): MS1 + BAP 6.7, IBA 0.5, GA 3 0.3 (MS1A); MS2 + BAP 6.7, IBA 0.5, GA 3 0.3 MS2A); MS1 + BAP 6.7, IBA 0.5 (MS1B); MS2 + BAP 6.7, IBA 0.5 (MS2B); MS1 + BAP 6.7 (MS1C); MS2 + BAP 6.7 (MS2C).
Explants (20 to 30 per experiment) were grown in plastic containers (Magenta Co., Chicago) with 40 ml of culture medium (MS1 or MS2) plus 30 g sucrose and 7 g Difco Bacto-Agar/liter. The pH of the medium was 5.8 and it was autoclave at 1.2 kg·cm -2 for Fig. 1 . Multiple shoot-bud development of 'Abate Fetel' pear explants after 40 days of doublephase culture on MS2 + 6.7 µM BAP.
15 min. For double-phase culture, 10 ml of liquid medium (MS1-/MSl-, MS2-/MS2) was added 
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Rooting was accomplished by two methods: a) culture on solid MS2 medium plus IBA (30, 10,5 µM) or NAA (30, 10,5 µM) in darkness, followed by 10 to 15 days of culture on a half-strength solid hormone-free medium (MS2) under 16-hr photoperiod, and b) l-rein immersion in an IBA solution (5, -2.5, 0.5, 0.05 µM) followed by 20 days of culture on a half-strength solid hormone-free medium (MS2) with a 16-hr photoperiod. Statistical analyses were performed using analysis of variance. The Student-NewmanKeuls test was used to separate differences among means at P = 0.05. A X 2 test was used to determine differences among frequencies.
After 40 days, there was a clear difference between the shoot number per explant obtained according to the culture system used (Table 1) . Shoot multiplication was always higher when a liquid medium was used as an overlay.
'Guyot' gave the highest percentage of multiple shoot induction, followed by 'Precoce Morettini' and 'Abate Fetel'. Although shoot number per explant was not significantly different among cultivars, 'Guyot' and 'Precoce Morettini' behaved efficiently on MS2B and MS2C, whereas 'Abate Fetel' only responded on MS2C. From the results it seems to be clear that the presence of GA 3 , IBA, or their combination inhibits BAP-induced responses.
In the presence of 6.7 µM BAP (MS1C, MS2C), in a double-phase culture system, 'Abate Fetel' proliferation (10 to 12 shoots per explant) was mainly due to the stimulation of axillary buds, which gave rise to simultaneous shoot-bud development and occasional multiple shoot buds (Fig. 1) . Conversely, when 0.5 µM IBA was also present (MS1B, MS2B), the shoot number per explant. changed, and most of the new shoots resulted from branching. The combination of 0.3 µM GA 3 and 0.5 µM IBA in the presence of 6.7 µM BAP (MS1A, MS2A)
